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IFor ●everal yeara, the Loa Ala=a Scientific Laboratory. operated by the
university of California for the U. S. Energy Research and Development Administration,
mmdthe laboratory of Anthropology of the Museum of New Mexico have engaged in a co-
operative effort Investigating. the applications of nondestructive examination tcchni-
quee to problems in the ficlde of archeology and mueeology. This croee-fertilization
between the analytical disciplines and the archeological cormnunity hae proved benefi-
cial for both partiea. Ae a direct reeult of thcee efforts, an archeological mater-
iale analyaia center, hopefully. will soon be eetablinhed ae a joint effort between
the two laboratories.

I
Several different nondestructive examination techniques have been applied to

● wide variety of archeological materials. Samples that have been examined include
ceramic warcn, lithic artifacte. turquoises. metallic samplee~ teeth, and bonee.
K-ray fluorescence analysis, beta-backacattering meaaurcmente, scanning electron mi-
croscopy, and radiography have been utilized. Several of the preliminary ecudiee are
reported here. The rceulte of theee Inieetigationa and their importance to ●rchaolog-
ical ree~rch are prebented. I

I
~P#WY OF METALLICSAMPLES I

ISeveral heavy aectloneof ❑etal were excavated fromthc rulneof ●nearly I
Bpanieh ❑ieslon in North~rlt Ncw Mexico. It wae known from historical documente that
the ❑ieef@n had been deetroved by Indiana during the Pueblo Uprielng in the year 1680.

One of the firet acta the Indiane perpetrutcd when razing the mianion wae to rmovo ~~
●nd deetroy the miealon bell. The nrcheologieta felt the metal eamplee could poaeibly
be from the Spanieh bell. Ke undertook :he examination of two of those ❑amplee. l.;

1- ‘A radiograph of the firut eample ie ahnwn in Fi~ure 1. Thie radiograph, ; .,
taken ●t’1 MeV. ahnwe the metnl caeting to be very nound, with one low donntty ●tring-
er preeent. The ●econd eomple ie ehown in Figure 2. You can ●ee the vzry different , ,
●ppearance L~Fthe cnmting in this radiograph. The large number of voide lndicatna !
very poor r.uetlng technlquun. Obviously, tho two ❑aerplce are not from the e?me caat-!

ins. Hole informntlon on theme two e?mplcs wae denired. 1;
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11. X-RAY FLUORESCENCE ANALYSISOF MEXALLICSAWLES
1 I

‘~
.. ......=.

In an ●ffort to determine the ❑etal(e) in theme two eamples, x-ray fluoree-
1

—---- -..
●nce analyeie was applied.——— . Energy dispersive x-ray fluore~-encc analymie hae become

more common with the advent of the high-resoluclon, eolid-ete~(, lithium-drifted ulli-.---,
con detectors. Ueing euch detectors-—-—. . , with radioactive aourcea o. x-ray generator an
the excitation eource, the simultaneous measurement of many .’lewnL!i can be performed.-———
# typical source/collimator/detector amsembly ie illustrated . .. FiguL”e 3. The eample—-----
ia placed in front of euch an asaembly end ie irradiated by the eource, eimultan~oualy,—.-..
emitting x-raye characteristic of the elements contained in the eomple. The eignal
from the detector is amplified, diqitized , and proceaeed into the m-ry of a multi-
channel pulee height analyzer. A typical equipment arrangement is ehown in Figure 4.
Using euch a eystcm, with several different energy radiation eourcee, all of the ele-
mente above sodium can be detected. With radiation source atrengtha on the order of
10 to 25 mCi, efficient data for moat purpoees can be collected in a few ❑lnutee.
~hia method is very sensitive to theaurfuce elemental content of the sample, penc-
kratin,g no more than a fraction of a milliuetrc for most aamplea. Vary littleeample
preparation ie raquired, in met inetancea, ocher than cleaning of the surface to be
*aeured.

I !Uaing such an analysis ayatem, the twometallic artifacte were examined for
elemental content. The surfaces ware cleaned with dlatillcd water and vigorous brutih-

M& ~tia~~~mPt wae Mdo
to remove the patina from the eurface. Tw radiation sourcen,

Sm, ware used to cover the anergy rangea 1 to 20 keV a.td 1 to 40 kdl re-
spectively. To maximize the eeneitivity for trace. element content, countin~ timee of
1200 a were usad. The major conetltuent elements in each eample were copper and tin

(bronze), with significant amcunte of iron , antimony, and lead also present. The radio-
graphically eound eample contained much lcsn of cheee I“lpuritlca than the puorly cast.,
~ample, indicating different emeltlng and refining technlquea.

-i The radlographlcallv
:, , good simple, eurprieingly, contained cw additional clemente - silver and golds

xl
I

:1

,Thare ara lagenda that pereonal valuablem were added to the melt pot when
bells for naw misaione were being cast. The discovery of these elementm, silver tind
gold, in this [regment lands credance to these leRende and mekea more crcdlble the$ hypothaeib that this fragment could be from the nriginal Pecoe Mlaelon bell. We are

,!,, ●ttempting to obtain eavaral additional metul fragmente that were excavated at the
same site fifty yeara ago for comparison purpoaeao

~Other metal objecte that have been examined with thie technique lncl,ldc pro-
jectile points, lance tips, medallion, and roligioua ●rtlfacte. A certain group of

i

opper ●rcifacta, all from the came locality and aatlng from the eighteenth century,
ontain eigniflcant amounta of ●ilvcr and emall mmountn of strontium ant rubidiun.

Thare ●ra knavn copper mines in the same raglon and these ●amploa my reprenent crudely
tefined copper from theea mlnee. Ha are praaently obtaining ore ●amplea from that area

~or reference purpoaoso

:V.CERAMICARTIFACTS

1

I I
~X-ray fluoreacencn analyaia hae proved valuabla in the study af ceramic mste-

iala, Blazes, and paints. Waahad ●herds of ●avaral diffcront typee of Spaniah. Nexl-
an, Indian, and contemporary pottery havo been wmmined. [n the clay paatc, f .gnifi-

~ant variation have been obricrved in the concentration of cartain almmtn - rubldlum,
mtrontium, yttrium, and zirronium. Nany othar alementa ●lno appear in :vpical clay
kamplea, but moat do not eppear diagnostic for our purpoaea.

1 I “

!Daflnite relatinnahtpa have bman eatabliahed betwen cert. ,-ttory typaa ‘

●nd their regions of mmnufacrure.
~charactcriza several aeriesof

For uxample, x-ray fluoruacanca . ,ia waa ueed

“Apachean” pottery ●h~rde racover )m three dif-

f
●rent ●rchaologlcal sites. [11 Thle pottery belongs to ● claaa nf ,.ruua culinary
ara commnly found on lflth, 19th and, occaeinnally, un early 20tll “ I.- Iry ruins

l!h

throughout the Upper PLo Grande culture provlnco. TWO of the ■iten. ~,lrupn Ruin (L$ “
050) ●nd San ?llauel del Vndo (LA 2734), are located in the Pecun Ri/vr dralnnRe,

ile the third, 1AM Alamo- Can’owr (M 5140), la in tlla R1o Crande V.lIIL’Y. On tha
~aaiaof the Rb/Sr/Y/Zr ratius, thm Pacoe ●herdaare quite diatlnct fr~ the Rio J
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Crmde aamplra. The ■=ples from th~ c- dlfferemt Pecos ●it.. ●. vlrcually ldaticl-
1

-. [Cd, ●b a rv lhc individual Mlu Grande sherdm. The cuu differ-l ●lemaatal conwtt pat-
:torw imp Iy lwalimd ciay wurcvu fw tfu. ar CW ●reas where CIU Jlcarllla Apachaa
wre kwm to have been prod! ,inn pottmry. A typical a-ray ●peccrw of tha Rlti Cranda

Apache potlery Is shown In Fl~.rc 5. lha dlffcrwnt ●lamantal pattarn for chm PQCOS
mbrdm is shomn in Figure 6.

1
..— . . . .

“Similar varlatlon- in ●lemental content tutcerna have been mocad in ocher ca-

: i
r-lc ●amablssm. ?rellmin.mry atudlcm have ken cooplocad on !tayan Flno UranRa ●nd

Thin Slatv uarrn ~Pxcwacud in .%noarn”rl..a. Spanish ad *sican wajollcm uarec - ● ctio.’.
. of soft pamte, lead/tln gla~vd pottery - hava ken vxnmlnmd co dwtrminu tiw Ivadltln

. ratios in the varloua typvs. The olactents usd for tfk colorvd oalntm in cha Rlazud
wrea have been dati’rmln-d. lltufi, x-ray analysis ham offard lnforsatlon on ~ny fac-;~
●tm of cwamlc manuf.tcture amd docorat!ve cecfntlquem.

I v. RADILXRAPNY oFCER&!!lCS

~~I ‘I_ principal awkhoda uerr wed to conccrucc pottery in he prehlmtorlc her-

!
km Southwat. The trchnlq.e used by th- Pwbloan groups was prlmarlly the coil-fom

-clmd. A lon~ thin strand of clay wuld br wound hrllcaIly tG tom tha dcrnirrd shape.
I * then tlw surfaces matothed by arraping. The wthod WA prl-rily by ‘ihe Apactwm

., uaa paddle-and-anvil cunatructlam. A lIIW of clay would ba ●qurezed belwen thv fln-
gara ●nd thumb or ochor ~lt~ble pmddlc and mnv~l unl~! It wan the dmmlred shopc. A
third technlqw was the tiumbtnatlom O( the (Iroc two in ch~ same vesaci. L%*n frag-

-t)t~of ~tt~ry dr~ •~cnv*tL%l, it I* dlfficulc to knuw whl:h mrchod of .onttrwllun
W. uaod. Low voltaR@ rodio~r.lphy nan oeen wed to wxmlnc thlr particular problex.

A radlosraph taken ●t ●buut 7> keV of ●n ApMchm ●krd IS khom in Flgur@ 7. The hlnh
dmmlty inclusions in the pantr .tre partlclrm of tvmrcr. TempcrlnF smtvrlals ●re ●6-

dd to tlw clay cu prcvenc nhrinkaRc and cracklnn durln~ the firing O( the Pottery.
Am can be ~een in thin llluntratlon. thr uriencatlmn of the tcciprr is catally randm=.
Thlm has proved true In ●ll U( Lh(. p*dJlu-and-anv!l po;tury examined lo data. in ~oll-
formed pottrry, the tempvr parclclco haw been rnemn tu amwme a prv(erred orientation
so a re-ulc of the furmtlon of the !.ndividual striprn ,IC tlay u~d to ~nufacture thr
vaasel walls. L%fortunmtvly, thlm Iti almist lmponmiblc to ave in reprodu:tlons of che
Oritlnal radlo~raphn. Hvrc uc have cwn how routine radloRraphy can ●ld tha ●rcfwolo-
Ciat in the ●olutlon of ● dlfflcult problum.

VI, SX&!llNATIO?J~FLITffIC ‘ATtRlll.:

,1
Tha mst durzble amd the oldest trace. of nan’n ●arly artlvltlas ●ro the wide

varlaty 01 atone toolm and Iqtlemvntn fnund throughout the uorld. Tha studvof theme
lithtc artifacts can pruvldc wch information on -tlwds O( manufactur~ md Lha ●pread

~1

of this technology thrnuuh trade or travel. A rcr~nt study frm Jap*n tracea ●cona
lmpl-tn to the ao.rce of raw materlulm by x-ray (Iuoremcence an~lvnls[:q . tie ar.
prgaontly lnvolvd in thv Idontiflcntfon ●nd murclnm of a aartws ef mbnidlan and ch-rt

J l@entm ualna tlw ●a~ technique. The preliminary data ●re lmccmpletc, but ●ro ●n-

;
caura~lmg.

I

b

Haay coal- ●re pradurd by flaklns rachnlqwa. This can be ●ccomplished by
parcuaslon. pressure, or by hcatinn and auddtin coolins. Uch of the ~tl~a Ioavva
flake scars with dlmtinctive rlurartcrlaclcs. Tonls wro alao produced by grlndlnn
4 pollmhlnR. The ●urtacrn of lmplumrnta ●rc wuallv cxamtnad by optical mictoacopy,

but this technique 1s Il=ltcd by tftr drpthmf field. Onm of th~ advantage of ●rannlnR

●lactron ●lcrodcopy in thu wry Iargr drpth of fl?ld, ●ven at hlBh maanlflcatlona. An
s-ray detector can alno be lncorpormted into tha acannlns ●icroscope, ●llowing n-ray
flwroscenco ●nalymls on m ●lcrwcoplc scale.

t
. . . P

A typical ●pplication of the acanni~ ●lectron micro-cope la ●han in FISuro -

.

S. ThiaobJert 1s a vary roll, flaked chert drill ●ncavatcd ●t the Pecoa Pwblo (IA
625) . Such drills wre uwd tn aske the hul~s throu~h beads and pendants ●nd when
other small dlwter hoioa urre needed. Tftv (lake ■earn ●re clearly ●m in the fi~uro
●d ●ro typical oi thm appearance of fmnnurv flak-s. Also shwtt in thlm lllwtratlon
●a wc or war scara on both vdgcm md at the tip. In ramca such am this, the Rraat
daph of fl~ld.of thr ncnnnlns ~l~ctrmn plrrqscopc-~s. cltOarlX-gn.@ dvanta~@._-Wsatc@.. -.— --- .- .. ..-

.,
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L
lmaddltionl.! tho ●bw torhmlqwmo w ●ro !nwstlnactwl lhv ●ppllcatloas of

IWosbawr cffact spartrouwpy, prqt mowrorr octlvstton ●olyoio, ●loccrrn ●paccro-
Ocopy for choolcal analysis. ●nd atbrm. Tho or~oalr i.klatry @roup within thv Ltbrr-
ratory hos ●pplld ● wldc variety of tmhnlqws co tho ●tudy of or~alc rwldwm, dy~
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these sooplrs. Thin uo?lt US. donr und*r tha ●uspltm O( the l!.S. Lrwrqy Sesearch ●nd
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?ig. 3. Source/collimator/detector
●ssembly.
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D t.
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Fig. 5, X-ray spectra of
Rio Crande Apche
pottery.

El@
Fig. 4. X-ray analyaie ayatem.

ME. 6. It-ray spectra of Pecoa Apache
pottery.
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?is. 7. Eadiouraph of Apache ●herd.

rig. 0. am of POCOS drill.
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